The transport of rubidium ions and potassium ions respectively through rubidium and potassium ion conducting glasses has been investigated by means of the recently developed low energy bombardment induced ion transport (BIIT) approach. Here, the combination of a bombarder ion M 1 (Rb + ,K + ) and a charge latter corresponds to the transport of rubidium ions through a potassium ion conductor and vice versa. The native ion BIIT yields the intrinsic ionic conductivities and activation energies for ion hopping in line with impedance spectroscopic data also presented. The foreign ion BIIT leads to the generation of diffusion profiles up to 100 nm into the glass sample as revealed by time-of-flight secondary ion mass spectrometry (ToF-SIMS). The analysis of such depth profiles by means of Nernst-Planck-Poisson theory provides access to the concentration dependence of the diffusion coefficients. The concentration dependence of the potassium ion diffusion coefficient, (K + ), is markedly different for the rubidium glass vs. the potassium glass matrix. Within the error bars the concentration dependence of the rubidium ion diffusion coefficient, (Rb + ), is negligible in both glasses.
Introduction
Glasses derived by mixing two glasses containing two different, mobile alkali ions have properties which differ significantly from those of the limiting pure alkali glasses. This characteristic is in general referred to as the mixed alkali effect (MAE) [1] [2] [3] [4] [5] . The most prominent consequence is the conductivity exhibiting a minimum for a specific composition [6] [7] [8] [9] . However, also mechanical properties of the material depend critically on the composition [10] .
The predominant reason for the mixed alkali effect is considered to be the mismatch in ionic sites, which are favorable for hopping of one ion but unfavorable for another [3] . Typical studies of the MAE start from the mixed alkali glass. Classically one measures the conductivity of such a glass e.g. by impedance spectroscopy, which yields the overall conductivity and consequently an effective diffusion coefficient of the sample. The overall conductivity however has contributions from the mobility of each of the two alkali ions, each characterized by a diffusion coefficient. In general IS does not provide experimental access to these individual diffusion coefficients (although this seems conceivable if the difference in diffusion coefficients is very large). Access to these properties is e.g. provided in a straight forward manner by the radio-tracer diffusion (RTD) technique, where a radioactive isotope of one of the alkali elements is allowed to diffuse into the sample. By sectioning -a form of depth profiling -the sample afterwards (exsitu) the diffusion coefficient of this particular alkali element can be derived. For obtaining the diffusion coefficient of the second alkali element the diffusion experiment needs to be repeated with another appropriate tracer. Prominent tracers are e.g. 22 Na and 86 Rb [11, 12] .
The aim of the current work is to demonstrate a new approach for measuring the composition dependence of diffusion coefficients under conditions where two alkali ions contribute to the ionic conductivity of the sample. Our group has recently introduced the low energy bombardment induced ion transport (BIIT) as a tool for measuring ionic conductivities [13, 14] . BIIT is based on attaching alkali ions to the front side of a sample thus establishing a well-defined surface potential and a surface ion density. The sample itself is electrically connected to a single grounded electrode at its backside. This results in a potential gradient and a density gradient which induce the ion transport through the sample. Ultimately the ion transport is detected by measuring a current at the backside electrode. The BIIT technique is applicable not only to ion conducting glasses but also to polymers [15] and polyelectrolyte membranes [16] .
One of the intriguing aspects of the BIIT technique is that the ion employed for the attachment does not need to be identical to the one natively present in the glass prior to the experiment [17, 18] . In a proof of principle experiment we demonstrated that the conductivity of a sodium ion conducting glass can be investigated employing bombardment with potassium ions [17] . In that case the conductivity of the sample is dominated by the bulk conductivity of the sodium. However, there is a small contribution from the potassium ions, which are pulled into the sample by the sodium ions trying to move away from the front side due to the positive surface potential. Consequently the total ionic conductivity decreases by a few percent over several days. Much more important is the fact that this experiment defines an electro-diffusion zone, where a major part (up to 90%) of the sodium ions has been replaced with potassium ions.
This diffusion zone reflects a variation of the relative concentration of sodium and potassium ions. Successful modeling of these concentration profiles turned out to be only possible under the presumption that the sodium diffusion coefficient is concentration dependent. We speculated that this experiment might provide a rewarding access to information related to the MAE. To this end we have performed two different BIIT experiments on a calcium phosphate glass containing either rubidium ions or potassium ions as conducting species. First we bombard the rubidium ion conductor with a potassium ion beam; second we bombard the potassium ion conductor with a rubidium ion beam. The scientific question posed is: will the two experiments be described by the same diffusion coefficients? Since the anionic network of the two glasses is believed to depend on the alkali ion present at the point of glass formation, one might expect that the effective migration pathways will differ for the two glasses and consequently different diffusion coefficients would e.g. be operative depending on whether the glass adapted to the potassium or the rubidium during glass formation.
Experimental approach and setup
In a BIIT experiment, a glass sample is homogeneously charged by bombarding it with a thermionically created alkali ion beam. The kinetic energy of the ions is controlled by applying a positive voltage, rep , to the emitter and its surrounding repeller lens. The ion beam is focused and guided toward the sample via a system of electrostatic lenses and eventually impinges on a controlled surface. If the ion flux density of the impinging ion beam is sufficiently high, the surface potential may be homogeneously charged to a value close or equal to rep . Due to the Coulomb repulsion, the charged surface slows the incoming ions such that implantation is avoided. The backside of the glass is glued onto a grounded copper electrode using a highly conductive silver epoxide glue (Loctite 3880) to minimize contact potentials at the interface. The deposited ions at the surface give rise to a potential and concentration gradient toward the backside electrode. Hence, the ions are electrodiffusively transported toward the sample backside, where they are eventually neutralized.
The backside electrode is connected with a home-made transimpedance amplifier which measures the neutralization current. After a few seconds the detected neutralization current reaches a steady state value. Under these conditions, the same amount of ions is incorporated into the front surface of the glass as is neutralized at its backside. The value of the current measured is determined by the dc conductivity of the glass sample.
A sketch of the experimental setup is given in Figure 1 . The sample is placed approx. 3 mm behind a grounded aperture. A 95% transmission nickel mesh on both sides of the aperture ensures a homogenous electric field in front of the sample and protects against field penetration. A third mesh in between allows recording the ion current passing the aperture. The sample and the backside electrode are mounted on a temperaturecontrolled device. A LabView PID controller is used to set the temperature with an accuracy of better than ±0.1 K using a PT100 resistance thermometer and a heating foil. The bombarded area is defined geometrically by a metal mask with a given bore diameter, which is positioned directly in front of the glass sample.
Two different modes of operating the BIIT experiment are relevant in the current work 1. The first mode aims at measuring steady state neutralization currents at the backside electrode as a function of the repeller voltage. Here, the relation between applied voltage and ion current yields information on the electric resistance of the sample, respectively the conductivity. Variation of the temperature in addition provides access to the activation energy of the dc ion transport. For this kind of experiment, the bombarding ion species is preferred to be identical to the one present in the glass prior to the bombardment [14] . This situation is termed native ion bombardment in this work. 2. In the second modus the glass is bombarded for an extended period of time (typically several days) at constant effective surface potential and constant temperature. For this kind of experiment the bombarding ion species is chosen to be different from the mobile ion component originally present in the glass sample. This situation is termed foreign ion bombardment throughout this work. Foreign bombardment leads to the incorporation of ions into the glass replacing part of the native ions and thus generating pronounced diffusion profiles arise [17] .
The ion emitter that provides the bombarding ion species is housed in a steel cartridge. The cartridge is filled with synthetic potassium leucite (KAlSi 2 O 6 ) or rubidium leucite (RbAlSi 2 O 6 ), depending on the desired thermionically emitted ion species, and typically heated to roughly 830 ∘ C. The emitter material is mixed with molybdenum in the ratio X : Mo of 1 : 4 to improve electrical and thermal conductivity [19] . A constant electric field of −2 kV/cm in front of the emitter is used to enhance the emission. The whole experimental setup is stored in a high vacuum chamber with a pressure on the order of 2 ⋅ 10 −6 mbar. The depth profiles were acquired in non-interlaced mode (1.5 s sputter time, 0.5 s pause), and a low energy electron gun (20 eV) was used for charge compensation.
After the ToF-SIMS analysis the crater depth were determined with a surface profilometer (Sloan Dektak 3ST, Veeco Instruments).
Theory
In order to determine the diffusion coefficient of the potassium ions in the rubidium glass and vice versa we employ the theory introduced in Ref. [13] . Here, we numerically solve a coupled set of Nernst-Planck and Poisson equations [20] [21] [22] [23] [24] [25] using the boundary conditions determined by the experimental setup. We may neglect the transport of alkali ions in radial direction as the radial extensions of the two glasses are much larger than their thicknesses and the bombarding ion beam exhibits a circular symmetry. Additionally, the alkali ions flux density that impinges on the glass surface is space independent in good approximation. As a consequence, we may focus on the transport of carriers alongside the axis perpendicular to the glass surface. Ion transport in radial and angular direction can be neglected.
Prior to the bombardment, the conductivity of the Ca30X glasses is dominated by the alkali ion (X=K, Rb). Contributions from the Calcium ions to the overall conductivity are neglected at this point. Impurities originating from other alkali ions are also negligible. The corresponding initial alkali ion densities are given by the respective stoichiometry of the glasses and are found to be Once the bombardment starts rubidium ions are incorporated into the potassium glass and potassium ions are incorporated into the rubidium glass. Ultimately, both ion species are present in the two glasses. Hence, a concentration gradient and, due to the ion charge, a potential gradient arise which drive the transport of both ion species. The corresponding Nernst-Planck equation therefore reads
where is the ion flux density with being either K + or Rb + . The electron charge and the electric potential are given by and , respectively, while is the Boltzmann's constant times the temperature. The total ion density of the respective ion species is given by including those ions that are present prior to the bombardment as well as the ion density that is introduced by the bombardment.
The local concentration of both ion species may influence the local structure of the glass due to the different sizes of potassium and rubidium ions. Consequently, we expect the diffusion coefficients to depend on the local ion concentrations. The influence of the ion concentrations on the dielectric function are expected to be small. Assuming a homogeneous glass structure, we therefore may describe the dielectric function in terms of a dielectric constant . For both glasses investigated, takes the value 10 in good approximation.
The electric potential is calculated self-consistently to the ion distributions inside the glass using the Poisson equation. In order to solve the Poisson equation, the charge distribution inside the glass is needed. Since the glasses are electrically neutral before the start of the bombardment, the relevant charge corresponding to a specific ion distribution is given by its difference from the initial charge dis-
with the vacuum electric permittivity 0 . Eventually, the time evolution of the diffusion profiles is introduced by Fick's second law which ensures mass conservation = − .
The coupled set of Equations (1)- (3) is solved via a 4 th order Runge-Kutta routine.
Therefore, we discretize the z-axis into space elements. Generally, we allow space elements with different sizes Δ . The discrete Nernst-Planck-Poisson equations then read
where is the index of the space element, = ∑ ( , − 0 ) the excess ion density and Δ , +1 = 0.5(Δ + Δ +1 ) the distance between the centers of two adjacent space elements and + 1. The ion flux density between these two space elements is given by +1 , , while
+1
, and
are the diffusion coefficient and the ion density at the boundary of the two space elements. Self-consistence between the ion distribution and electric potential is reached by recursive calculation of the Poisson Equation (5) using the potential of the previous recursion step as an input for the actual recursion step. After convergence of the potential is reached, the Nernst-Planck Equation (4) and Fick's second law (Equation 6 ) are solved such that the ion distribution is modified. In the following time step, the newly calculated carrier distribution enters the Poisson equation that need to be solved recursively again.
A correct solution of the coupled set of Nernst-Planck and Poisson equation requires the use of the correct boundary condition for the electric potential at the front and the back of the glass. At the backside the glass is in contact with a grounded metal electrode such that the potential there is zero in good approximation. The potential in front of the glass is defined by a linear potential gradient between the glasses charged front surface and a grounded lens in front of the glass. The boundary conditions have been discussed in detail in [13] .
Experimental results and discussion
The ion conduction properties of the Ca30K and Ca30Rb glasses have been investigated under two different conditions, (i) native bombardment, where the bombarding ion is identical to the dominant carrier in the glass, and (ii) by foreign ion bombardment, where a different ion is used for bombardment. 
Native ion bombardment
As a first experiment, the glasses have been bombarded with the respective native ion species to determine the specific conductivity. Preliminary results of this investigation have been presented elsewhere [26] . Consequently we focus on the main results, here. Detecting the ion current as a function of the repeller voltage yields the conductivity of the glass for each temperature. The activation energy for the DC ion transport can then be determined as the slope of an Arrhenius plot where the logarithm of the conductivity times the temperature is plotted as function of the inverse temperature.
In Figure 2 , the corresponding BIIT conductivity values for the Ca30Rb (Ca30K) glass are given as red filled triangles (squares) while the black open triangles (squares) correspond to IS measurement, performed on the same glass batch. We observe excellent agreement between the conductivities determined by the IS and the BIIT method. The activation energies for Ca30K are found to be (BIIT) = 0.96 eV ± 0.05 eV and (IS) = 1.04 eV ± 0.04 eV. For Ca30Rb we observe (BIIT) = 1.05 eV ± 0.05 eV and (IS) = 1.04 eV ± 0.04 eV.
Though the activation energies of both potassium and rubidium glasses are very similar, the conductivity of the rubidium glass at 95 ∘ C is lower by a factor of 5. Only a small part of this difference (about 6.5%) can be attributed to the slightly higher density of carriers in the potassium glass originating from the higher ion density of the potassium glass. Most of the reduction of the conductivity appears to originate from the different ions sizes. The potassium ion radius is about 1.37 Å [27] while the rubidium ion radius is about 1.52 Å [27] . The larger size of the rubidium ions should aggravate their diffusion through the glass matrix.
Foreign ion bombardment
As mentioned above in BIIT the bombarding ion does not necessarily have to be identical to the charge carrier present in the native material. Such a situation is referred to as foreign ion bombardment. In the following we describe the results of a K + bombardment of a Rb + glass (Ca30Rb), in short K + @Rb + , and the Rb + bombardment of a K + glass (Ca30K), in short Rb + @K + . Foreign ion bombardment leads to the generation of locally mixed alkali ion glass, where the two alkali ions coexist. Ultimately a potassium diffusion profile forms in the rubidium glass and a rubidium diffusion profile forms in the potassium glass. Here, we wish to ask the question, how the incorporation of smaller or larger alkali ions influences the diffusion process. Is the glass matrix, that is created at temperatures around 700-800 K, modified by the injection of foreign ions or is it frozen at the temperature presented here? Is the conductivity merely defined by this frozen glass matrix or does a potassium glass behave like a rubidium glass, once the potassium ions are being replaced with rubidium? In order to be able to compare the results from the Rb-glass and the K-glass we ensured identical field conditions in both experiments by adjusting the applied repeller voltages to the thickness of the glasses. More specifically, a repeller voltage of 300 V has been used for bombarding the 330 μm thick Ca30Rb glass and 563 V for the 610 μm thick Ca30K glass. The bombardment time has further been adjusted to account for the difference in conductivity (506 h for Ca30Rb, 118 h for Ca30K), such that the expected charge incorporated into the glass is comparable (1.89 mC K + and 2.45 mC Rb
The bombarded area is defined by the geometry of the setup (0.50 cm 2 ); the temperature was set to 95 ∘ C in both experiments. The ion currents reaching the sample surface have been 30 to 40 nA Rb + and 2 to 4 nA K + respectively. Both currents are sufficiently large to ensure that during the entire experiment the sample surfaces can in principle be homogenously charged such that the surface potential equals the repeller potential. The neutralization current detected at the backside electrode during the bombardment has been nearly constant throughout each bombardment. On closer inspection we note, that the current dropped slightly from 1.07 to 0.98 nA for the Ca30Rb and from 3.39 to 2.72 nA for Ca30K. This slight drop is most likely due to effects of interface polarization. A minor part of the conductivity drop is due to the incorporation of the foreign ions. The currents expected based on the Arrhenius analysis presented above were 1.04 nA for Ca30Rb and 5.78 nA for Ca30K. Evidently the measured and the expected currents are in very good agreement for the Ca30Rb glass. The lower than expected backside current for the Ca30K glass indicates that the surface potential of the Ca30K glass had not fully reached the repeller potential at each position of the glass front side. This does not pose a severe problem to the analysis, since the total current is known. After the bombardment both glasses have been analyzed with a ToF-SIMS experiment at different positions of the glass surfaces within the bombarded area. Both glasses show pronounced diffusion profiles. In the case of Ca30Rb, all measured depth profiles are independent of the surface position confirming that the bombardment indeed was homogeneous as expected. In contrast, the depth profiles of the Ca30K show pronounced position dependence. Nevertheless, the deepest detected profiles have comparable depths, indicating that the potential at these positions was close to the repeller potential. As a consequence, we concentrate on these profiles for the rest of the discussion.
The in the potassium glass. In both cases the Ca + profiles seem to be almost space independent except directly below the surface where at least some of the calcium seems to have been replaced with the bombarding ion species. It is difficult to quantify the effect because in the region some nm below the surface matrix effects are expected to influence the ToF-SIMS ion signal [28] .
As the ToF-SIMS experiment exhibits different detection sensitivities to rubidium and potassium ions a direct comparison of the raw data is not possible. We need to normalize the diffusion profiles as follows. Deep inside the glass only ions from the native ion species are expected (bulk properties). The respective ion density there can be determined from the stoichiometry of the glass together with the measured density. The ion densities are bulk (K + ) = 7.351 ⋅ 10 9 ions/μm 3 for Ca30K and bulk (Rb + ) = 6.885 ⋅ 10 9 ions/μm 3 for Ca30Rb. In the vicinity of the surface part of the native ions are replaced with ions from the bombarding ion species. However, the high number of mobile carriers and the relatively small potentials operative (on the order of the repeller voltage) demand electric neutrality inside the glass [13] . As a consequence the sum of rubidium and potassium ion density in the diffusion zone is close to the ion density in the bulk of the glass. We may therefore write for the Ca30K glass (at any position inside the glass)
where (K + ) and (Rb + ) are the ion signals for potassium and rubidium ions and and are constant and space independent numbers. The factor may be de-
termined by the ion density deep inside the glass where only potassium ions are present. The factor is chosen such that Equation (7) is valid. Because of the matrix effect mentioned above the first 10 nm below the surface may exhibit deviations.
Comparing Figures 3 and 4 we note that the rubidium diffusion profile in the Ca30K glass is much steeper than the potassium profile in the Ca30Rb glass. The sum of rubidium and potassium ion density equals the bulk ion density in the entire diffusion zone in very good approximation. Solely, in the first 10 nm below the glass surface the injected ion species exhibit a small peak. This effect is more distinct in the rubidium glass. This could possibly be due the fact that Rb is less mobile than K inside the glass. As a matter of fact experiment and theory confirm electro-neutrality inside the material; consequently another ion species must have moved. On closer inspection of Figure 4 , we can quantitatively show that the calcium ions, which have previously been considered immobile, must have been replaced in this glass section.
Integration of the diffusion profiles for the relevant ion directly yields the deposited charge. For Ca30K, we find that Rb The agreement between measured and expected numbers is better in the case of the profiles than in the case of the total currents. The reason is that the backside current included contribution from non-homogeneously charged surface areas, while the diffusion profiles were chosen from that part of the bombarded area which was indeed almost fully charged to the repeller potential.
In order to gain a better understanding of the details of the diffusion process, we would like to compare the measured depth profiles to a theoretical calculation based on the numerical solution of NPP equations as outlined above. The only free parameters in these simulations are the diffusion coefficients . All other parameters are fixed by the experimental setup.
Generally, we expect that the diffusion coefficient may be concentration dependent as the presence of a foreign ion species potentially modifies the local glass structure and/or the available transport paths and thus the mobility of neighboring ions. If the glass matrix of both calcium phosphate glasses investigated (Ca30K and Ca30Rb) was identical one would expect that the density dependence of the diffusion coefficient should be identical in both glasses. In that case it should be possible to transfer the potassium glass into the rubidium glass by replacing all K + ions with Rb + and vice versa. If, in contrast, the phosphate matrix is different for the two glasses one might expect that the density dependence of the diffusion coefficients might also be different. The diffusion coefficients of the native ion species in the pure glasses are obtained via the preceding conductivity measurements. The Einstein relation connects the specific conductivity spec and the diffusion coefficient . is the charge of the ion species with the mobile ion density The Rb + profile in the potassium glass is overestimated close to the surface and does not reach far enough into the sample.
To surmount this deviation, the diffusion coefficient of potassium is next chosen concentration-depend, while the one for rubidium is still kept constant. We assume a sigmoid relation between the diffusion coefficient and the molar fraction of potassium:
The factors 1 , 2 and the coefficients 1 (K + ) and 2 (K + ) are free parameters. The boundary condition is that the diffusion coefficient for a pure potassium glass is 3.50 ⋅ 10 −21 m 2 s Figure 5 ). The corresponding calculated depth profiles for the Ca30K glass are shown in Figure 6 as solid red and blue lines (simulation 1). The agreement between the calculation and the experiment is very good. Applying the same set of parameters for the K + bombardment of the Ca30Rb glass yields the solid red and blue lines in Figure 7 (simulation 1). Both, the K + and the Rb + profiles are far too steep and do not explain the experimental findings.
In order to match theoretical calculation and experimental data for the Ca30Rb a different set of parameters in Equation (9) The concentration dependence of (K + ) is shown as dashed line in Figure 5 (simulation 2), the simulated concentration profile is shown in Figure 7 (simulation 2). In this case, the simulation and the experiment excellently agree except for a small region below the surface where the calcium movement influences the experimental findings. Please note that in this experiment at most 60% of all rubidium is replaced with potassium such that for molar fractions lower than 40% rubidium we are not sensitive to diffusion coefficient variation (indicated by the lower font weight of the dashed curve in Figure 5 in this regime). Finally we take this set of parameters to recalculate the profile for Rb + bombardment of the Ca30K glass. This yields the profiles given by the dashed lines in Figure 6 (simulation 2). Clearly, the agreement between experiment and theory is much worse compared to simulation 1. Here, the calculated profiles are too steep and do not reach far enough into the glass. Clearly, the density dependence of the diffusion coefficients is different for the two glasses. As a consequence we conclude, the phosphate matrix must exhibit differences between the Ca30K and the Ca30Rb. Since the rubidium glass shows a slightly lower ion density than the potassium glass, it is most likely that the free space available for the alkali ions is larger in the Ca30Rb glass compared to the Ca30K glass. As a consequence, already a small increase of the concentration of the relatively large Rb + ions strongly aggravates the potassium diffusion in the potassium glass. Contrarily, the potassium diffusion is less aggravated in the rubidium glass where the matrix is less dense. In both cases the diffusion of the rubidium ions is nearly density independent. Due to the incomplete ion replacement in the Ca30Rb glass it cannot be excluded that the rubidium diffusion is influenced at very high potassium concentrations. At this point we have to conclude that this possible influence should not exceed a factor of 2.
Ingram and Roling introduced the concept of matrix-mediated coupling, referring to a situation where cations are entering into sites which are either too large or too small for their identity [29] . One of the consequences is mechanical
stress built up in the material. The model, an extension of the dynamic structure model [30] , assumes the existence of vacancies around a particular ion adapted to this ion, e.g. rubidium vacancy sites, Rb, in the vicinity of Rb + ions. The question arises how fast site relaxation processes are. The data presented above provide rather direct evidence for size effects in the transport process. As we showed, the electro-diffusion of K + ions in the glass adapted to rubidium ions upon its formation is considerably faster than that in glass adapted to potassium itself upon glass formation. Thus, at least on the time scale of the current experiment (i.e. several days) the two different glass networks are distinguishable, i.e. a possible rearrangement of the glass networks does not appear to be operative.
Summary and conclusions
We have investigated the transport of potassium and rubidium ions through a potassium ion conductor on one hand and a rubidium ion conductor on the other by means of the low energy bombardment induced ion transport (BIIT). The first experiment described native ion bombardment which provided information on the intrinsic alkali ion conductivity. The conductivities as well as the activation energies for ion hopping determined from BIIT are in very good agreement with impedance spectroscopy. In a second experiment foreign ion bombardment was described, where a potassium concentration profile has been generated in the rubidium glass (Ca30Rb) and a rubidium concentration profile in the potassium glass (Ca30K). These concentration profiles have been quantitatively analyzed by means of the ToF-SIMS technique. While a single BIIT measurement (as well as a single IS measurement) yields an average diffusion coefficient, theoretical analysis of the depth profiles provides access to the concentration dependence of diffusion coefficients. Here we find that the concentration dependence of (K + ) is strong. The concentration dependence of (Rb + ), on the other hand, is negligible within the experimental error margins. It appears appropriate to comment on the prospect of the current BIIT experiment in comparison to radio-tracer diffusion experiments. On one hand, one could argue that the current experiment provides information on two different diffusion coefficients in a single run. In a radio-tracer concept, e.g. the diffusion coefficients of Rb and Na need to be determined in separate experiments. Moreover, inherently the radio-tracer technique requires the existence of the appropriate radio-tracer elements. This defines certain advantages of the current BIIT approach. There are, however, important differences. Most notably the BIIT approach using foreign ion bombardment inherently involves chemical gradients, which is not the case for RTD. Here, we see the prospect to investigate the relevance of chemical gradients more thoroughly in the future.
The current investigation is considered a proof of principle that pivotal aspects of the MAE can be studied in a BIIT experiment employing foreign ion bombardment. In particular we showed that the concentration dependence for (K + ) strongly depends on the nature of the glass at the time it has been formed. The diffusion of K + is much faster in the glass which was formed as a rubidium ion glass than in the one formed as a potassium ion glass. Thus, there is clearly a memory of the size distribution of vacancy sites available for ion transport, even under conditions where the actual glass composition is changed by the transport process itself. We are not aware of any other approach providing the same kind of information. Further more systematic studies of memory effects in the ion transport in mixed alkali ion glasses are currently underway in our laboratory.
